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MEDIAN-BASED DARK LEVEL ACQUISITION FOR 


A FRAME RATE CLAMP 


FIELD OF THE INVENTION 

5 The present invention relates to dark level acqxiisition for image 

sensors and, more particularly, to acquiring a median dark level for such image 
sensors. 

BACKGROUND OF THE INVENTION 


10 As is well known to those skilled in the art, image sensors have a 

pre-determined portion of pixels specifically designated for acquiring a dark level 
signal representing the sensitivity of the pixels to darkness. This signal is 
subsequently used in calibrating the actual signals representing an image. 
Typically, such sensors use the average value of the designated portion of pixels. 

1 5 However, the average dark level output of pixels in active pixel sensors may vary 
considerably, depending on process variations, temperature, and the like. In this 
regard, the active pixel sensor typically includes a pixel array, analog-processing 
circuits, and an analog-to-digital (A-to-D) converter. To maximize the useful 
signal swing at the input of the A-to-D converter, a frame rate clamp is typically 

20 used to develop an average dark level over a large number of dark pixels, which is 
subtracted from the pixel output signals during frame read operations. 

Although the currently known and utilized circuitry for acquiring 
dark level signals is satisfactory, they include drawbacks. Using the average value 
for the dark level subjects the sensor calibration to the extreme values of defective 

25 pixels and the like. Consequently, a need exists for a median pixel value for dark 
level acquisition, which overcomes the above drawbacks. 


SUMMARY OF THE INVENTION 

The present invention is directed to overcoming one or more of the 
30 problems set forth above. Briefly summarized, according to one aspect of the 
present invention, the invention resides in a circuit for determining median dark 
level of an image sensor, the circuit comprises (a) a first circuit for comparing a 
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current pixel value and a cumulative median; (b) a storage element for storing the 
cumulative median level; and (c) a second circuit which utilizes the first circuit for 
adjusting the cumulative median based on the current pixel level input for 
updating the ciimulative median dark level. 
5 These and other aspects, objects, features and advantages of the 

present invention will be more clearly understood and appreciated from a review 
of the following detailed description of the preferred embodiments and appended 
claims, and by reference to the accompanying drawings. 

10 Advantageous Effect of the Invention 

The present invention develops a median dark level, which will be 
more accurate than an average dark level in the presence of defective pixels. 
Defective pixels may have extreme values that could significantly distort a 
mathematical average of the pixels, however these extreme values will have less 

1 5 effect in a median calculation. 

The present invention has the advantage of using a comparator as 
the key analog component, which can be implemented in CMOS to achieve 
relatively high speed and accuracy. In contrast, circuits using an analog averaging 
approach would require high performance linear amplifiers, which are more 

20 difficult to implement. Errors due to offsets and settling time issues in linear 
amplifiers would be eliminated by the present invention. 

In addition, the circuitry of the present invention for the median 
dark level acquisition requires minimal supervisory control. An on-chip 
microprocessor controller would not be required, which is an advantage for a 

25 standalone CMOS imager. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of the analog implementation of the 
dark level acquisition circuitry of the present invention; 
30 Fig. 2 is a timing diagram of Fig. 1; and 

Fig. 3 is a schematic diagram of the digital implementation of the 
dark level acquisition circuitry of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figs. 1 and 2, there is shown a circuit for obtaining the 
median level signal for dark level acquisition in Fig. 1 and its corresponding 
5 timing diagram in Fig. 2. In this regard, the dark level acquire input 5 is turned to 
a high state for initiation of the acquisition of the dark level signal by enabling 
AND gates 6, 7 and 8, comparator 9, and D flip-flop 10. Pi is the pixel-rate clock 
and P2 is an inverted version of the pixel-rate clock. When Pi goes high, a pixel 
dark level voltage from one of the pre-determined pixels (not shown) designed for 

1 0 dark-level acquisition is read at Vout , passed through analog switch 1 2, and stored 
at junction 15 of the pixel signal storage capacitor C 1. Comparator 9 compares 
the pixel dark level voltage stored at C 1 to the cumulative median dark level 
voltage stored at C2. If the pixel dark level voltage at Ci is greater than the 
cumulative median at C2, the comparator outputs a logic high (positive result); if 

15 the pixel dark level voltage is less then the cumulative median, the comparator 
outputs a logic low (negative result). When P 1 goes low, the comparator output 
will be stable. At this point P2 goes high and clocks the comparator result to the 
output of the D flip-flop 10. 

A positive result (Q output high) activates analog switch 1 5 to add 

20 charge to C2 to increase the cumulative median voltage. A negative result (Q 

output low) activates analog switch 20 to decrease the cumulative median voltage. 
For example, if the pixel dark level is lower than the cumulative median dark 
level, the Qbar output from the D flip-flop 1 0 goes high and, via AND gate 7, 
causes the current source 30 to drain current from C2 which decreases the median 

25 dark level (region 1). If the pixel dark level is higher than the median dark level, 
the Q output from D Flip-flop 10 goes high and, via AND gate 6, causes current 
source 25 to add current to C2, which increases the median dark level (region 2). 
This process is repeated for each pixel sampled in the dark level acquire mode, i.e. 
when input 5 is high. Each comparison result adds or subtracts a fixed increment 

30 of charge at C2 , the amount of charge being determined by the current in the 
current sovirces (25 and 30) and the pixel time period. 


After acquiring all dark pixel values, the dark level acquire 5 is 
turned low so that the acquiring process is terminated. The median value of the 
dark level pixels is then used for calibrating subsequent pixel values for the image 
captured by the sensor (not shown). 

It is instructive to note that a fine/coarse adjustment 35 is 
connected to both current sources 25 and 30 for adjusting the degree of current 
supplied by the current sources. This provides for either a quick determination of 
the median value (coarse) or an adjustment having finer increments for a more 
accurate median value. 

Referring to Fig. 3, there is shown a digital implementation of Fig. 
1 . The operation is substantially similar to Fig. 1 except that a coimter 40 and 
digital-to-analog converter (DAC) 45 replaces C2 and the current sources 25 and 
30. The median dark level is stored on the counter 40 and converted to an analog 
signal by the DAC 45. If the pixel dark level stored on Ci is lower than the 
cumulative median dark level, counter 40 is decremented, and if the pixel dark 
level is higher than the cumulative median, counter 40 is incremented. 

The invention has been described in detail with particular reference 
to certain preferred embodiments thereof, but it will be understood that variations 
and modifications can be effected within the spirit and scope of the invention. 
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